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Centralized Energy Market
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Distributed Energy Market
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Survey of 2000 residential energy consumers across the United 
States in 2015
Increased Interest in Solar
Interested in solar electricity at home
Seriously interested
Data source - Shelton Grp, & SEPA. (2016). What the Community Solar Customer Wants. 
Retrieved from https://sepapower.org/resource/what-the-community-solarcustomer-wants/
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True Potential of Rooftop PV
Current: 0.5% of all 
U.S. electricity needs
Potential: 25% of all 
U.S. electricity needs
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Gap: Interest vs Adoption
• Financial benefits of rooftop PV dominates adoption decision 
(Sigrin and Drury, 2014)
• Many consumers choose not to install a PV system because of 
high uncertainty involved in investment (Coughlin et al., 2012)
Sigrin B. and Drury E., 2014, “Diffusion into New Markets: Economic Returns Required 
by Households to Adopt Rooftop Photovoltaics,” AAAI Fall Symposium, pp. 36–43.
Coughlin, J., J. Grove, L. Irvine, J., F. Jacobs, S. J. Phillips, L. Moynihan, and J. 
Wiedman. 2011. Guide to Community Solar: Utility, Private, and Non-profit Project 
Development. U.S. Department of Energy.  
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Consumer Has Many Concerns!
How long I will 
stay in this 
house?
Future 
electricity 
prices?
Utility will 
continue 
buying my 
electricity?
Future 
maintenance 
costs?
How much 
electricity 
panels will 
my produce?

Invest Do not invest
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Decision-making Tool 
Analytical Framework

System size?
Uncertainties Monte Carlo Simulation

Buy or lease?
Standard/Extended 
inverter warranty?
Invest Do not invest
NPV
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Uncertainties
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Classification of Uncertainties
• Exogenous: factors affecting residential rooftop PV 
investment that are external to the consumer’s control
• Endogenous: factors affecting investment that are within the 
customer’s control
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Exogenous Uncertainties
• Solar Insolation
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Exogenous Uncertainties
• Solar Insolation
• Electricity Tariff Structure
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Exogenous Uncertainties
• Solar Insolation
• Electricity Tariff Structure
• PV Panel Efficiency
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Exogenous Uncertainties
• Solar Insolation
• Electricity Tariff Structure
• PV Panel Efficiency
• System Maintenance
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Exogenous Uncertainties
• Solar Insolation
• Electricity Tariff Structure
• PV Panel Efficiency
• System Maintenance
• Roof Replacement
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Endogenous Uncertainties
• Moving Residence
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Endogenous Uncertainties
• Moving Residence
• Future Electricity Consumption
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Analytical Framework
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Case Study
Des Moines
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Initial Investment
• Investment cost - $3500/ kW
• Federal income tax credit of 30%
• State (Iowa) income tax credit of 15%
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Solar Insolation
• Hourly data from 1999-2010
• Data source: National Renewable Energy Laboratory (NREL)
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Electricity Yield
• Hourly temperature data from 1999-2010
• Data Source: National Centers for Environmental Information 
Efficiency decreases
Efficiency is maximum
25o C
21
Industrial and Manufacturing Systems Engineering
Net Metering
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System Maintenance
• 70% of the maintenance costs are due to inverter failure (Kurtz 
et al. 2009)
• Two inverter warranty options were considered:
 Standard
 Extended
• Life of PV system – 25 years
Kurtz S., Granata J., and Quintana M., 2009 “Photovoltaic-Reliability R&D 
Toward a Solar-Powered World,” in Proceedings of SPIE, vol. 7412, p. 74120Z. 
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Net Present Value
Monthly bill savings Selling Price
Maintenance cost Property tax Reinstallation costInvestment cost
NPV 
Present value of 
cash inflow
Present value of 
cash outflow
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Monte Carlo Simulation
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Monte Carlo Model
• Useful approach for:
Quantifying risk and long term uncertainties
 Presenting in a way that is easy for investors to understand
• Model details:
Consumer with monthly consumption of 1000 kWh
Discount rate for NPV calculations is assumed to be 5%
 10,000 iterations for each experiment
Built using Matlab
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NPV for Different Rooftop PV Capacity (kW)
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CDF of NPV for 8 kW System
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CDF of NPV: Consumer Moves Residence
No Movement until:
Scenario 1: 5 years post-installation 
Scenario 2: 10 years post-installation 
Scenario 3: 15 years post-installation
System size: 8 kW
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CDF of NPV: Net Metering Restructuring Occurs
Net metering restructuring occurs:
Scenario 4: 5 years post-installation
Scenario 5: 10 years post-installation 
Scenario 6: 15 years post-installation 
System size: 8 kW
Market rate
Fixed rate
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Conclusion
• Consumer should invest () in a 8 kW system
 Extended inverter warranty gives greater certainty for 
positive investment returns
• Should not invest () if moving from current residence before 
15 years is likely
• It is safe to invest (positive expected NPV) if the utility 
grandfathers for net metering for 15 years
• The model can cater individual consumer attributes
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4.51%
0.30%
0.17%
Ongoing Work
1 2 3 4 5
Rank based on solar policy
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